Threshold (or relative magnitude) search is traditionally performed iteratively in a bit-serial manner in optical database/knowledge-base machines which results in an execution time proportional to the operand size. We present in this paper a single-step threshold search algorithm and its optical implementation. The proposed algorithm performs magnitude comparison in constant time, independent of the operand size, and consequently, it greatly increases the performance of optical database/knowledge-base processing operations such as searching, selection, retrieving, and sorting.
The information explosion seen in recent years has stimulated the development of computerbased information systems to assist in the creation, storage, modi cation, classi cation, and retrieval of mainly textual data. These are known as Database Management Systems (DBMSs) or Knowledge-Based Systems (KBSs). For example, applications such as real-time command and control, or on-line handling of nancial data demand the rapid manipulation of mainly symbolic data. The increased amount of data handled by current information systems, coupled with the growing need for more sophisticated processing functionality, have made current DMBSs and KBSs unable to cope with the needed performance. It has been argued that optics, with its parallelism, speed and storage capacity, possesses the potential for a permanent solution of database/knowledge-base systems 1, 2, 3].
Database processing consists mainly of the manipulation of tables, known as relations which resemble les storing data 4]. For example, each row, or tuple, of a relation representing an employee database stores an entire employee record. Data representing employee name, number, age, etc. is stored in columns, called attributes. Databases are accessed by manipulating tuples of one or more relations through a set of operators known as the relational algebra. Composed of union, intersection, di erence, selection, projection, and join, the relational operations utilize two types of comparison; equivalence and threshold. In the rest of the paper, the terms equality/inequality denoted by = and 6 = respectively refer to the equality/inequality of two words; the terms greater than, less than, greater than or equal, less than or equal denoted by >; <; ; ] respectively are referred to as thresholding 5].
As an illustration of a single important DBMS/KMS operation, we use the selection operation. Selection is important in DBMSs because it retrieves information from tuples through the application of a selection criteria. The criteria is referred to as a theta operation 4] where theta is any operator of the set: (greater than, less than, greater than or equal, less than or equal, etc.). For example, using the employee database, a simple application of the selection operation would be the retrieval of the names of all employees who have been employed more than six years. The comparand attribute (the number six), is compared using the > operator to the attribute eld storing length of employment information in each tuple. The employee name eld of successfully matching tuples is retrieved as the operation's output array.
While the equality/inequality comparison in selection algorithms is performed through the bit-parallel comparison of the two words, thresholding is performed in a bit-serial manner, beginning with the most signi cant bit(MSB). This creates di erent execution times for the selection algorithm. Optical thresholding has received much attention in 1, 2, 3, 4, 7] .
However, these prior methods utilized the bit-serial approach. In this paper, we present an optical implementation method that performs threshold operations in constant time. Since relative magnitude comparisons are a major component of searching and sorting algorithms, their bit-parallel execution will substantially improve DBMS performance. Before we proceed with the explanation of the method, we rst explain how words are optically compared.
To optically encode the data, we use a combination of polarization and intensity encoding schemes. Additional information on polarization-based logic may be found in 6]. Throughout the discussion, we make use of the previous employee database.
A comparand attribute is compared to an attribute eld of multiple employees simultaneously with the optical system in Figure 1 . This system is basically a vector-matrix multiplier with a polarizer (P1) and a beamsplitter (BS1) inserted between the second spa- Optics between the hologram and SLM4 remove unwanted diffraction orders and collimate the beams illuminating the SLM. These were omitted for clarity. The black wall attached to SLM4 serves as a baffle to block light beyond the SLM boundaries.
